The BKJ gene was originally identi®ed based on its speci®c transcriptional activation in jun-transformed avian ®broblasts. We now show that BKJ is a direct transcriptional target of the AP-1 transcription factor components Jun and Fos. The complete structural organization of the quail BKJ gene was determined by nucleotide sequence analysis and transcriptional mapping. The gene contains three exons with the coding region con®ned to the third exon. A major mRNA species of 0.8 kb and a minor one of 1.3 kb are produced by variable usage of two transcriptional initiation sites. The BKJ promoter region contains two authentic AP-1 binding sites. By transactivation of reporter gene constructs and direct binding of Jun recombinant protein, the proximal AP-1 element was shown to be essential for BKJ promoter activation. Using polyclonal antiserum directed against recombinant BKJ protein, the activation of BKJ in jun-transformed avian ®broblasts was also demonstrated at the protein level. BKJ is a novel gene related to the avian b-keratin gene family whose members display highly speci®c expression patterns during embryogenesis and epidermal development. Activation of BKJ in ®broblasts by retroviral or deregulated cellular jun or fos alleles may contribute to cell transformation.
Introduction
The jun oncogene is the oncogenic determinant of avian sarcoma virus 17 (ASV17) (Maki et al., 1987) . The cellular homolog of retroviral v-jun, c-jun (Nishimura and Vogt, 1988) , encodes a major component of the AP-1 transcription factor complex which is composed of dimers derived from members of Jun and Fos protein families (Bohmann et al., 1987; Sassone-Corsi et al., 1988) . Jun and the related protein products of the junB and junD genes share conserved structural motifs mediating dimerization, DNA binding and transcriptional activation Hartl et al., 1991) which are all required for the transforming potential of Jun proteins . AP-1 binds to enhancer elements with the consensus sequence 5'-TGAC/GTCA-3' located in various AP-1 responsive genes. Dimerization mediated by leucine repeat structures enables adjacent basic regions of Jun and Fos to interact speci®cally with the major grooves of the DNA binding site (Glover and Harrison, 1995) . Jun proteins can also bind to DNA as functional homodimers, whereas Fos proteins need a member of the Jun protein family for dimerization O'Shea et al., 1992) . However, due to distinct amino acid interactions in their leucine repeat structures, Jun ± Fos heterodimers are more stable than Jun homodimers (O'Shea et al., 1992) . Fos is associated with p39 (Jun) in fos-transformed cells and Fos ± Jun heterodimers are required for transcriptional activation of AP-1 responsive genes . The structure of the AP-1 dimer relevant for jun-induced cell transformation is not known, although it has been shown that arti®cially stabilized Jun homodimers are sucient to induce cell transformation in culture and tumors in fowl (Hartl and Vogt, 1992; Jurdic et al., 1995) .
In addition to the quantitative increase of Jun protein levels due to retroviral expression, qualitative structural alterations in v-Jun play a substantial role in cell transformation induced by retroviral v-jun alleles, in particular the deletion of 27 amino acids in the presumed Jun transactivation domain . Although c-jun expressed from a retroviral vector transforms cultured avian ®broblasts, it does not induce tumors in the animal, in contrast to v-jun . Cellular transformation by v-jun or deregulated c-jun presumably involves aberrant expression of genes which are normally regulated by endogenous c-Jun as a component of AP-1. However, a clear correlation between the transcriptional transactivation and cell transformation potentials of Jun proteins has not yet been demonstrated (Gao et al., 1996; Hartl and Vogt, 1992; HaÊ varstein et al., 1992) .
Several AP-1 responsive genes have been identi®ed, like those encoding collagenase or stromelysin/transin (Angel et al., 1987; Kerr et al., 1988) , but their possible role in jun-induced cell transformation has not been assessed yet. Recently, approaches aimed at the identi®cation of genes speci®cally dysregulated in juntransformed ®broblasts have led to the identi®cation of two new potential jun target genes. The JTAP-1 gene encoding a cathepsin-like protein was found to be speci®cally overexpressed in v-jun-transformed avian ®broblasts, but not in cells transformed by a deregulated c-jun allele (Hadman et al., 1996) . The BKJ gene encoding a hydrophobic protein (BKJ) structurally related to avian epidermal b-keratins was identi®ed based on its strong and highly speci®c activation in jun-transformed avian ®broblasts, including cells transformed by a deregulated c-jun allele . Intriguingly, several mammalian genes encoding intermediate ®lament a-helical cytokeratins were shown to be regulated by AP-1, and the AP-1 transcription factor complex appears to be a key regulatory factor in epidermal dierentiation (Fuchs and Byrne, 1994; Eckert et al., 1997) . Furthermore, some of these keratin genes are consistently overexpressed in various carcinomas (Pankov et al., 1994; Oshima et al., 1996) , dermal ®brosarcomas have been observed in v-jun transgenic mice upon wounding (Schuh et al., 1990) , and c-fos was shown to be required for malignant progression of skin tumors (Saez et al., 1995) . Although the BKJ protein is structurally related to epidermal b-keratins, the recent ®nding of BKJ expression in dierentiating chondrocytes (Jeeries et al., 1998) points to a possible function also in mesenchymal cells. The mechanisms of transcriptional regulation of BKJ may therefore be relevant both for epidermal or mesenchymal differentiation and for jun-or fos-induced oncogenesis.
Here we describe the complete structural organization of the BKJ gene, analyse its expression in jun-or fos-transformed avian ®broblasts, reveal a major mechanism of its transcriptional regulation, and provide evidence that it is a direct transcriptional target of the AP-1 components Jun and Fos.
Results

BKJ activation in ®broblasts is a direct eect of deregulated jun expression
The BKJ gene was discovered based on its speci®c transcriptional activation in jun-transformed avian ®broblasts . This activation could result from a direct interaction of the Jun protein with the BKJ promoter or from an indirect event in the course of jun-induced cell transformation. To analyse whether BKJ activation is directly linked to deregulated jun expression or whether it depends on the transformation program induced by oncogenic jun in avian ®broblasts, cells from the chemically transformed established quail ®broblast line QT6 were infected with avian sarcoma virus ASV17 carrying the v-jun oncogene. BKJ mRNA expression was strongly induced in QT6 cells upon infection by ASV17 ( Figure 1A ), suggesting that BKJ activation is a direct consequence of oncogenic jun expression and not an indirect event in the course of jun-induced cell transformation. The Northern analysis revealed the presence in ASV17-infected QT6 cells of two RNA species of 1.3 and 0.8 kb, respectively, hybridizing with the BKJ cDNA probe. A similar BKJ expression pattern has been observed in CEF transformed by ASV17 or by the NK24 virus carrying the avian v-fos oncogene (see below). BKJ cDNA clones corresponding in their size to both RNA species have been isolated from jun-transformed QEF or CEF (see below). Their conserved 3'-termini suggested that the corresponding mRNAs were generated by alternative splicing or that the BKJ gene is transcribed from two distinct transcriptional initiation sites, leading to two RNA molecules with dierent 5'-ends. Direct proof that transcription of the two mRNAs is initiated from dierent regions of the same gene locus was obtained by a Northern analysis of RNAs from ASV17-infected QT6 cells using a 430-bp PvuII/StuI fragment of the quail BKJ gene locus as a hybridization probe. Only the 1.3-kb mRNA species hybridized to that probe ( Figure 1A ). Structural analysis of the BKJ gene locus and transcriptional mapping con®rmed the presence of two transcriptional initiation sites (see below).
In QEF transformed by ASV17 or by retroviral constructs expressing c-jun (RCAS ± CJ3) or v-jun (RCAS ± VJ1) alleles, only the 0.8-kb mRNA was present at high levels ( Figure 1B) . A consistently lower level of BKJ mRNA was observed in cells transformed by the retroviral construct expressing a deregulated c-jun allele as compared to cells transformed by the v-jun construct, which is consistent with kinetic studies showing a constant increase of the BKJ transcript level in v-jun-transformed cells after prolonged cell passage (see below). In agreement with our previous results , no BKJ expression was observed in normal QEF, in QEF transfected with the empty RCAS vector, or in QEF transformed by a retroviral vector (RCAS ± MC29) carrying an oncogenic v-myc allele ( Figure 1B ).
BKJ activation in ®broblasts is also induced by v-fos
Since Fos proteins, like Jun, are essential components of the AP-1 transcription factor complex, it was of Figure 1 Transcriptional activation of BKJ in avian ®broblasts expressing exogenous jun or fos alleles. (A) Northern analysis of poly(A) + RNA (2.5 mg per lane) from the chemically transformed quail embryo ®broblast line QT6 or from QT6 cells infected with avian sarcoma virus 17 (ASV17) carrying the v-jun oncogene (3 weeks post infection). (B) Northern analysis of total RNAs (30 mg per lane) from quail embryo ®broblasts (QEF) or from QEF transfected with the indicated RCAS retroviral constructs or infected with ASV17 (6 weeks post transfection or infection). RCAS ± CJ3, RCAS ± VJ1, and RCAS ± MC29 encode c-Jun, v-Jun, or Gag ± Myc proteins, respectively. (C) Northern analysis of total RNAs (30 mg per lane) from chicken embryo ®broblasts (CEF), from three dierent clonal cultures of ASV17-transformed CEF, or from CEF transformed by avian retrovirus NK24 (4 weeks post infection) carrying the v-fos oncogene. The ®lters in the left panel of (A), in (B) and (C) were hybridized with particular interest to analyse the BKJ expression pattern in fos-transformed avian ®broblasts in comparison to its strong transcriptional activation in juntransformed cells. The avian retrovirus NK24 was originally isolated from a nephroblastoma and transforms cultured avian ®broblasts. It contains a v-fos allele transduced from the chicken c-fos gene and encodes a Gag ± Fos hybrid protein (Nishizawa et al., 1987) . In the Northern analysis shown in Figure 1C , three independent clonal cultures of ASV17-transformed CEF (F13, F17, F23) and NK24-transformed CEF containing the 5.3-kb NK24 genomic RNA hybridizing to a c-fos probe (data not shown) were tested for their expression of BKJ mRNAs. All ASV17-transformed cell cultures, but also the NK24-transformed CEF contained a major BKJ mRNA species of 0.8 kb, and a 1.2-kb BKJ transcript at variable levels. This result con®rms the capability of v-jun to eciently activate BKJ expression in each individual transforming event and reveals that v-fos-induced cell transformation leads to activation of BKJ at similar levels.
To unequivocally correlate BKJ activation with deregulated Jun or Fos expression, it was important to directly demonstrate high levels of Jun or Fos proteins in cells infected with ASV17 or NK24, or transfected with retroviral constructs carrying c-jun or v-jun alleles. Immunoprecipitation with polyclonal antisera directed against recombinant Jun or Myc proteins or against Gag-related proteins was carried out with extracts from cells used for the Northern analyses shown in Figure 1 . The analyses shown in Figure 2 revealed that normal QEF, QEF transfected with the empty RCAS retroviral vector, CEF or CEF infected with NK24, contained the normal low levels of endogenous quail or chicken c-Jun (313 amino acids, M r 34 341, or 310 amino acids, M r 33 940) (Brun et al., 1989; Nishimura and Vogt, 1988) or endogenous quail c-Myc (417 amino acids, M r 46 236) proteins with gelelectrophoretic mobilities corresponding to apparent molecular weights of 42 000 and 52 000, respectively. QEF transformed by the RCAS ± CJ3 or RCAS ± VJ1 constructs contained high levels of retrovirally speci®ed c-Jun (328 amino acids, M r 35 880, apparent molecular weight 42 000) or v-Jun (295 amino acids, M r 32 314, apparent molecular weight 36 000) proteins ( Figure  2A ). Both ASV17-transformed QEF and ASV17-infected QT6 cells contained high levels of the Gag ± Jun hybrid protein (516 amino acids, M r 54 943, apparent molecular weight 65 000) (Figure 2A ) speci®ed by ASV17 (Bos et al., 1988) . QEF transformed by RCAS ± MC29 contained high levels of the Gag ± Myc hybrid protein (875 amino acids, M r 94 259, apparent molecular weight 110 000) speci®ed by MC29 (Bister et al., 1977) . The Gag ± Fos hybrid protein (781 amino acids, M r 82 677, apparent molecular weight 100 000) in NK24-transformed CEF was detected with Gag-speci®c antiserum as described (Nishizawa et al., 1987) along with Gag-related helper virus proteins Pr180
gag as described (Bister et al., 1987) and minor degradation products migrating below Pr76 gag ( Figure 2B ). The single Gag-related protein present at low levels in normal CEF is probably derived from an endogenous chicken virus. Discrepancies between calculated and apparent molecular weights due to abnormal electrophoretic properties of Myc, Jun and Fos proteins are in agreement with previous observations (Bos et al., 1988; Hartl et al., 1991 Nishizawa et al., 1987; Patschinsky et al., 1986) . Interestingly, chemically transformed QT6 cells infected with ASV17 and expressing the Gag ± Jun hybrid protein still contained a reduced level of endogenous c-Jun protein, whereas in QEF transformed by oncogenic jun or myc alleles expression of the corresponding endogenous proteins is completely suppressed (Gao et al., 1996; Penn et al., 1990) .
BKJ activation is higher in v-jun-than in c-jun-transformed cells
The RCAS ± CJ3 and RCAS ± VJ1 vector constructs overexpressing c-Jun or v-Jun, respectively, both induce ecient transformation of cultured avian ®broblasts, but only virus derived from RCAS ± VJ1 is tumorigenic in the animal . To compare transcriptional activation of BKJ in v-jun-and c-jun-transformed ®broblasts in a time course, a Northern analysis was performed using RNAs extracted from cells at dierent culture passages after transfection with these constructs ( Figure 3A ). BKJ expression was induced at similar levels in both cell types after two cell culture passages, but not in normal QEF which eciently proliferated until passage 10. After four passages, a signi®cant increase of BKJ expression was observed in v-jun-but not in c-juntransformed cells, leading to an expression level similar to that observed in the established jun-transformed cell line VCD . The higher BKJ expression in v-jun versus c-jun-transformed cells remained stable during the following culture passages which also included the time point at which the corresponding RNAs analysed in the experiment shown in Figure 1B were isolated. Immunoblot 35 S]methionine were incubated with antisera directed against recombinant chicken cJun protein (a-Jun) (1 ml), recombinant p14 v-Myc protein (aMyc) (5 ml), or retroviral Gag-proteins (a-Gag) (1 ml), or with normal rabbit serum (NRS) (1 ml). Immunoprecipitates were analysed by SDS-polyacrylamide (10%, wt/vol)-gelelectrophoresis. The¯uorographs were exposed for 32 h (A) or 98 h (B). Positions of protein size markers are indicated in the margin analysis revealed that the cells transfected with the vector constructs encoding either the c-Jun or the v-Jun protein contained equal amounts of the corresponding proteins ( Figure 3B ). This ruled out that the higher BKJ activation in v-jun transformed cells was simply due to higher amounts of the v-Jun protein.
Jun-induced BKJ activation is also detected at the protein level
In order to test whether the induced BKJ mRNA (cf. Figures 1 and 3 ) is translated in vivo into the protein predicted from the cDNA coding sequence , a BKJ-speci®c antiserum was generated. To this end, quail BKJ was expressed in Escherichia coli and puri®ed from inclusion bodies. The puri®ed 109-amino acid recombinant BKJ protein (M r 10 528) was of hydrophobic character as predicted and displayed an apparent molecular weight of 13 000 ( Figure 4A ). The BKJ-speci®c antiserum, raised against recombinant BKJ, detected a 13 kDa protein in [ 35 S]cysteine-labeled extracts from ASV17-transformed QEF but not from normal QEF ( Figure 4B ). This protein comigrated with in vitro translated and immunoprecipitated quail BKJ encoded by the plasmid construct BS ± BKJ. The 30-kDa protein band present in immunoprecipitates both from normal QEF and from ASV17-transformed QEF reacted also with preimmune serum (NRS) and hence is a nonspeci®c precipitate.
Structural organization of the quail BKJ gene
In a Southern analysis, high molecular weight DNAs from QEF, CEF, or the jun-transformed quail ®broblast line VCD containing high levels of BKJ mRNA were digested with EcoRI or HindIII and probed under high stringency conditions with a quail BKJ cDNA probe ( Figure 5A ). Digests from both normal (QEF) and transformed (VCD) quail ®broblasts contained a prominent *26-kbp EcoRI fragment and a 4.4-kbp HindIII fragment, and digests from CEF contained a *29-kbp EcoRI fragment and a *26-kbp HindIII fragment related to BKJ. The analysis showed that under stringent hybridization conditions quail and chicken DNAs hybridized with equal eciency to the probe suggesting a high conservation of the BKJ gene in the two avian species. The analysis also revealed that the strong transcriptional activation of BKJ in juntransformed ®broblasts (VCD) is not due to a mechanism involving genomic rearrangements in or near the BKJ locus.
The transcriptional initiation sites for the two BKJ mRNA species present at variable ratios in cells expressing v-jun or deregulated c-jun alleles  cf. Figure 1 ) were determined by primer extension analysis ( Figure 5B ). Poly(A) + RNA from VCD cells which contain low levels of the 1.3-kb mRNA but high levels of the 0.8-kb mRNA species was used as the template in the 35 S]cysteine-labeled in vitro transcription/translation reactions using the plasmid construct pBS-BKJ or the empty vector (pBS) as templates were incubated with 5 ml antiserum directed against recombinant BKJ (a-BKJ) or 5 ml normal rabbit serum (NRS), respectively. Immunoprecipitates were analysed by SDS ± polyacrylamide (15%, wt/vol) gel electrophoresis. The¯uorograph was exposed for 21 h. Positions of protein size markers are indicated in the margin reverse transcription reaction. The primers were designed according to the nucleotide sequences of BKJ cDNA clones cQBKJ9 (see below) and pVQ80 corresponding to the larger or smaller transcripts, respectively. The sizes of the extended products were 249 and 61 nucleotides, respectively, mapping the two transcriptional initiation sites to nucleotide positions 1132 and 1780, respectively, on the BKJ genomic sequence (see below). The signal intensity of the extended products re¯ects the dierent levels of the corresponding mRNA species in VCD cells.
To determine the structural organization of the BKJ gene, 14 BKJ-related clones were isolated from a lEMBL12 quail genomic library. The insert DNAs from three clones analysed in detail (gQBKJ7, gQBKJ9, gQBKJ16) contained analogous BKJ-related 4.4-kbp HindIII fragments, identical in size to the HindIII fragment observed in the Southern analysis of quail genomic DNA. The fragments were subcloned for restriction mapping and nucleotide sequence analysis. The sequences of a 3391-bp BamHI/HindIII fragment from clone gQBKJ7 and from distinct segments of clones gQBKJ9 and gQBKJ16 were determined. The BKJ cDNA clone cQBKJ9 with a 1208-bp insert, corresponding in its size to the 1.3-kb RNA, was isolated from a VCD cDNA library using the 430-bp PvuII/StuI fragment of quail BKJ genomic clone gQBKJ7 (cf. Figure 1A . see below) as a hybridization probe. The nucleotide sequence of this cDNA insert extends the published 791-nt sequence of quail BKJ cDNA into the 5'-region up to the ®rst transcriptional initiation site. The structural organization of the BKJ genomic locus deduced from nucleotide sequence analysis, transcriptional mapping, and alignment with the 1208-nt cDNA sequence is depicted in Figure 6A , and the BKJ nucleotide sequence and the deduced amino acid sequence of the BKJ protein are shown in Figure 6B . The BKJ gene contains three exons at nucleotide positions 1132 ± 1634, 1724 ± 1816, and 2122 ± 2737 with authentic splice donor and acceptor sites at the intron boundaries. The coding region is con®ned to exon 3.
Using a computer algorithm (Bucher, 1990) to scan the 3391-nt sequence of the BKJ locus for eukaryotic promoter elements, a potential TATA-box centered at position 1750, several cap signals centered on positions 1771, 1775, 1780, or 1792, and a CCAAT-box centered on position 1624 were detected. This is in excellent agreement with the experimental determination of the major transcriptional start site at position 1780 giving rise to the 0.8-kb BKJ mRNA. No standard promoter elements upstream of the minor transcriptional start site at position 1132 were found by this analysis, which might explain the low-level expression of the 1.3-kb BKJ mRNA. Based on the BKJ gene structure and on the location of the two transcriptional start sites, transcripts of 1212 and 653 nucleotides excluding poly(A) are predicted. This is in very good agreement with the observed complexities of polyadenylated BKJ mRNAs of 1.3 and 0.8 kb, respectively. The BKJ gene structure determined here also indicates that the BKJ cDNA clones pVQ80 and pVQ69 described previously represent a nearly full-length copy of the 0.8-kb mRNA and a 5'-truncated copy of the 1.3-kb mRNA, respectively.
The consensus heptamer motif for high anity AP-1 binding sites was originally de®ned as 5'-TGACTCA-3' (Lee et al., 1987b) or 5'-TGAGTCA-3' (Angel et al., 1987) . Intriguingly, the BKJ genomic sequence contains two authentic 5'-TGACTCA-3' elements at nucleotide positions 707 ± 713 and 965 ± 971 in the 5' upstream region ( Figure 6 ). The relative distances of each AP-1 element from the two transcriptional start sites are 425/ 1073 or 167/815 nucleotides, respectively. A comparison of the relative locations of these motifs in the BKJ promoter with the positions of functional AP-1 binding sites located both in the 5'-untranslated regions and in introns of several AP-1 regulated genes is shown in Table 1 . These genes encode proteins with diverse functions like the metalloproteases collagenase and stromelysin/transin, the cytoplasmatic fatty acid binding protein adipocyte P2, the heavy metal binding protein metallothionein II A , the fos-related protein fra-1, the noncollagenous bone protein osteocalcin, the corni®ed envelope precursor proteins involucrin . Equal aliquots of DNA (10 mg) were digested with EcoRI or HindIII, DNA fragments were separated by electrophoresis on a 0.8% (wt/vol)-agarose gel, transferred to a nylon ®lter, and hybridized with Figure 6B ) were used as templates and primers, respectively, in the reverse transcription reactions. The same unlabeled oligodeoxynucleotides were also employed as primers in sequencing reactions using a subcloned 2322-bp BamHI fragment of BKJ genomic DNA (cf. Figure 6 ) or BKJ cDNA clone pVQ69 , respectively, as templates, and [ 35 S]dATPaS as the labeled nucleotide. The products of the sequencing reactions (lanes G, A, T, and C) and of the primer extension reactions (lane P) were resolved on a sequencing gel. The autoradiographs were exposed for 97 h (upper panel) or 4 h (lower panel) using intensifying screens. In the sense strand sequence diagrams, the start site positions are shown in reversed type with the most 5' transcriptional start site labeled as +1 Figure  5B ) are underlined. The transcriptional initiation sites are marked by arrows. The nucleotide sequence has been deposited with the GenBank database (accession no. U56840) and loricrin, and the intermediate ®lament cytokeratins K5 and K18.
For an unequivocal proof that BKJ is a novel member of the avian b-keratin gene family and not the quail homolog of a known chicken gene, a cDNA library of ASV17-transformed CEF was screened using the quail BKJ cDNA clone pVQ80 and the 430-bp PvuII/StuI fragment of quail BKJ genomic clone gQBKJ7 (cf. Figures 1A and 6 ) as hybridization probes. Two chicken BKJ cDNA clones with complexities of 1030 and 647 bp excluding poly(A) + were isolated, corresponding to the polyadenylated mRNA species of 1.2 and 0.8 kb observed in ASV17-transformed CEF (cf. Figure 1C) . Like their quail counterparts, the two clones dier by additional 5' untranslated sequences in the larger isolate. The open reading frame encodes a 109-amino acid chicken BKJ protein of M r 10 395 with an estimated isoelectric point of 7.49. Its amino acid sequence displays 95.4% identity with that of quail BKJ diering in only ®ve amino acid positions, but shows only 66.1% identity with the sequence of chicken feather-like keratin, the closest relative of BKJ in the databases (Figure 7) .
The BKJ promoter is transactivated by Jun
In order to determine whether Jun directly activates the quail BKJ promoter, the 5' upstream region of the BKJ gene was inserted into a CAT gene reporter plasmid. The construct pCAT ± BKJ(WT) encompasses the total BKJ promoter region including the two transcriptional initiation sites and the two authentic AP-1 binding sites (Figure 8 ). The plasmid was transiently cotransfected into QEF together with expression plasmids Rc/RSV ± CJ3, Rc/RSV ± DDDD, Rc/RSV ± VJ0, or Rc/RSV ± cFos encoding c-Jun, JunD, Gag ± Jun or c-Fos proteins, respectively, and promoter activation was Figure 7 Alignment of the amino acid sequences of quail (q) and chicken (c) BKJ proteins deduced from quail and chicken BKJ cDNA nucleotide sequences, and of chicken feather-like keratin (cFLK) (Presland et al., 1989b) . Amino acids are numbered in the margin. For the cBKJ and cFLK sequences, amino acid residues are shown only at positions were they dier from the qBKJ sequence. Gaps in the aligned sequences are indicated by dashes. The chicken BKJ cDNA sequence has been deposited with the GenBank database (accession no. AF005069) *Numbers before and after the slash refer to the distances of the AP-1 binding sites from the ®rst and the second BKJ transcriptional start site, respectively (cf. Figure 6 ) Figure 8 Transcriptional activation analysis of the BKJ promoter. Chloramphenicol acetyltransferase (CAT) gene constructs containing either the total BKJ promoter (WT) or promoter fragments retaining distal and proximal (DP), proximal (P), distal (D), or no (0) authentic AP-1 binding sites (black boxes) were used. (A, B) The indicated CAT-plasmids were transiently cotransfected with Rc/RSV derived expression constructs into quail embryo ®broblasts. Rc ± CJ3 (c-jun), Rc ± DDDD (junD), Rc ± VJ0 (v-jun), Rc ± cFos (c-fos) and Rc ± Myc (v-myc) specify c-Jun, JunD, Gag ± Jun, c-Fos, or v-Myc proteins, respectively. (C) The pCAT ± BKJ(DP) plasmid was transfected into QEF or into QEF stably transfected with the indicated RCAS retroviral constructs or infected with ASV17. Equal amounts of cell extracts were used for the acetylation of [ 14 C]chloramphenicol (CAM). Reaction products were resolved by ascending thinlayer chromatography and visualized by autoradiography (6 h exposure). The positions of CAM and of acetylated products are indicated in the margin monitored in a CAT-assay. Cotransfection with plasmids encoding Gag ± Jun, c-Jun, JunD, or c-Fos proteins lead to transcriptional activation of the CATreporter gene, most eciently with the former construct ( Figure 8A ). No activation was observed when the empty Rc/RSV vector was cotransfected. Triple transfections of the reporter plasmid with plasmids encoding (c-Jun+c-Fos) or (Gag ± Jun+c-Fos) led to highly ecient promoter activation indicating a synergistic eect of c-Fos, in contrast to transfection with plasmids encoding (c-Jun+JunD). To map the Jun-responsive sequences on the BKJ promoter, deletion constructs pCAT ± BKJ(DP), pCAT ± BKJ(P), pCAT ± BKJ(D) and pCAT ± BKJ(0) retaining both, the proximal, the distal, or none of the two authentic AP-1 binding sites, respectively, were cotransfected with Rc/ RSV ± VJ0. The analysis revealed that the Gag ± Jun protein eciently activated pCAT ± BKJ(DP) and pCAT ± BKJ(P), but only marginally pCAT ± BKJ(D) and pCAT ± BKJ(0) ( Figure 8B ). Hence, the BKJ promoter region encompassing the proximal of the two authentic AP-1 binding sites appears to be necessary for transactivation by Jun in this assay. Cotransfection with expression plasmid Rc/RSV ± Myc encoding a v-Myc protein did not lead to activation of any reporter construct, emphasizing the speci®city of activation by Jun ( Figure 8B) .
Transactivation of the pCAT ± BKJ(DP) plasmid was also tested in QEF which had been transformed by stable transfection with RCAS ± CJ3 or RCAS ± VJ1 or by infection with ASV17 and which contained high levels of BKJ mRNA (cf. Figure 1B) . The analysis revealed that the c-Jun, v-Jun or Gag ± Jun proteins speci®ed by these transforming agents very eciently transactivated the exogenous BKJ promoter ( Figure  8C ). QEF transformed by the RCAS ± Myc construct showed no activation. The low residual CAT activity in QEF or QEF transfected with the empty RCAS vector is apparently due to endogenous AP-1 activity. In contrast to the transient expression system (Figure 8A ), no quantitative dierence in activation was observed between cells transformed by the stably integrated retroviruses expressing either c-Jun, v-Jun, or Gag ± Jun proteins ( Figure 8C ). However, this could be due to the very ecient in vitro transactivation observed with cell extracts derived from stably jun-transformed cells which may not allow to measure the quantitative dierences of BKJ transcriptional activation by v-Jun or c-Jun observed in vivo (cf. Figure 3 ).
To directly demonstrate speci®c interaction of Jun protein with the proximal AP-1 site present in the 132-bp BKJ promoter fragment (cf. Figure 8B ), a 38-bp double-stranded oligodeoxynucleotide corresponding to nucleotides 950 ± 987 in the BKJ sequence encompassing this proximal AP-1 binding site was used as a DNA probe for electrophoretic mobility shift analysis. Recombinant chicken c-Jun protein, prepared under reducing conditions, bound eciently to this DNA fragment, whereas no binding was observed with recombinant v-Myc protein (Figure 9 ). Based on the decrease of binding to the labeled DNA in the presence of unlabeled homologous competitor DNA, the dissociation constant (K D ) of the Jun ± DNA complex was estimated to *3610 78 M. The speci®city of the interaction of the Jun protein with the authentic AP-1 element was emphasized by the lack of binding to a corresponding DNA fragment carrying two nucleotide substitutions in the heptamer motif ( Figure 9 ).
Discussion
Jun, as a component of the AP-1 transcription factor complex, acts as a nuclear third messenger converting cytoplasmic signals into long-term alterations of gene expression . Although mechanisms involving posttranslational modi®cations or protein-protein interactions may account for or contribute to jun-induced tumorigenesis, aberrant expression of Jun target genes is the most plausible event in jun-mediated cell transformation, based on the intrinsic biochemical function of Jun as a transcriptional regulator. Therefore, the elucidation of the molecular mechanisms underlying jun-induced oncogenesis depends on the identi®cation of genes directly dysregulated by Jun in transformed cells. So far, the downstream molecular eectors in jun-induced cell transformation have remained largely elusive. BKJ is a direct transcriptional target of Jun By using subtracted nucleic acid probes and dierential nucleic acid hybridization techniques for the isolation of cDNA clones corresponding to dierentially expressed mRNAs, the BKJ gene was originally identi®ed based on its speci®c transcriptional activation in jun-transformed avian ®broblasts and therefore classi®ed as a candidate Jun target gene . In particular, BKJ activation was found in all chicken or quail ®broblast cultures transformed by transfection with retroviral vector constructs expressing v-jun or c-jun alleles or by infection with ASV17, but was not observed in normal avian ®broblasts, in ®broblasts transformed by v-src, v-myc, or v-myc/v-mil oncogenes, or in a transformed quail ®broblast line (QT6) derived from a methylcholanthrene-induced ®brosarcoma . The structural and functional analyses of the BKJ gene now reported here provide conclusive evidence that BKJ is a direct transcriptional target of Jun proteins in avian ®broblasts containing v-jun or deregulated c-jun alleles. An initial strong support for this conclusion came from the observation that ecient transcriptional activation of BKJ was observed even in fully transformed QT6 cells upon superinfection with ASV17. Inducibility of BKJ transcription in these chemically transformed cells indicates that the switch from the normal to the transformed phenotype in embryonic ®broblasts infected with ASV17 is not a prerequisite for BKJ activation. Hence, direct interaction of the ASV17-encoded Jun protein with BKJ transcriptional regulatory elements, rather than indirect mechanisms in the course of jun-induced cell transformation appear to be responsible for the activation of BKJ gene expression. This direct response was recently con®rmed in an independent study using a conditional jun-transformation system leading to strong induction of BKJ upon hormone triggered activation of oncogenic Jun (Kruse et al., 1997) . Intriguingly, the avian retrovirus NK24 carrying the v-fos oncogene was the only transforming agent tested that did not carry a jun allele and yet was capable of inducing BKJ transcription in avian ®broblasts. Based on the functional cooperativity of Jun and Fos proteins in the AP-1 complex, this again lend strong support to the assumption that BKJ activation is mediated by direct interaction of Jun and apparently also Fos proteins with BKJ regulatory regions in jun-or fostransformed avian ®broblasts.
The structural analysis of the quail BKJ locus revealed the presence in the 5' upstream region of two authentic AP-1 binding sites in positions relative to the transcriptional start sites similar to those found in several AP-1 responsive genes (cf. Table 1 ). The functional relevance of the proximal AP-1 element for BKJ transcriptional regulation was directly demonstrated by the transactivation of BKJ promoter fragments containing this site by Jun proteins expressed from v-jun or deregulated c-jun alleles, and by the high-anity binding of Jun recombinant protein to the relevant promoter fragment. It has not been determined yet, which partner protein is recruited for dimer formation necessary for DNA binding and transactivation by Jun in jun-transformed avian ®broblasts, although it has been demonstrated that Jun homodimers are sucient for cell transformation (Hartl and Vogt, 1992; Jurdic et al., 1995) . Hence, it is possible that BKJ activation in cells containing v-jun or deregulated c-jun alleles involves recognition of the AP-1 sites by either Jun/Jun homodimers or by heterodimers formed with an endogenous AP-1 family member. Since Fos is unable to form stable homodimers (O'Shea et al., 1992) , BKJ activation in cells transformed by the NK24 retroviral v-fos allele presumably requires dimer formation of v-Fos with an endogenous partner like c-Jun. Direct physical interaction of AP-1 complexes with general transcription factors like TFIIE or TFIIF has recently been demonstrated (Martin et al., 1996) . However, the exact mechanism of transcriptional transactivation of target genes by Jun has not yet been determined. Accordingly, elucidation of the mechanism of transcriptional regulation of BKJ by AP-1 components including the variable usage of two transcriptional start sites requires further analyses.
BKJ expression and cellular dierentiation
The isolation of very closely related homologs of BKJ cDNA clones both from chicken and quail that have no counterpart in the nucleotide sequence databases indicated that BKJ is a novel gene. Its protein product is structurally related to the large family of avian b-keratins found in epidermal cells and their appendages. Their expression is tightly regulated at the transcriptional level during embryonic development and keratinocyte dierentiation in the epidermal layers, however, the molecular mechanisms and regulatory factors mediating this transcriptional control have not been de®ned yet (Presland et al., 1989a,b) . In the mammalian system, the program of epidermal dierentiation involving stem cell proliferation in the basal layer, keratinocyte dierentiation, and control of dierentiation-speci®c gene expression has been elucidated to a signi®cant extent at the molecular level, including the identi®cation of the AP-1 transcription factor complex as a fundamental factor in the regulation of epidermal gene expression (Fuchs and Byrne, 1994; Eckert et al., 1997) .
Since BKJ was originally discovered in transformed ®broblasts , the recent ®nding that BKJ is also expressed in growing and differentiating chondrocytes is of particular interest (Jeeries et al., 1998) . BKJ transcripts were detected both in proliferating chicken chondrocytes and, at higher levels, in chondrocyte cultures stimulated to hypertrophy by treatment with ascorbic acid. These results point to a possible physiological function of BKJ in mesenchymal cellular processes like ®broblast-chondrocyte conversion or chondrocyte dierentiation. The identi®cation of all tissues and cell types expressing BKJ during growth or development will be important to de®ne its biological function. In any case, it is reasonable to assume that normal transcriptional regulation of BKJ involves the functional AP-1 elements in its promoter region identi®ed here.
Target genes and cell transformation
The identi®cation of downstream eectors of oncogenic transcription factors, like Myc, Jun, or Fos, and the Structure and transcriptional regulation of BKJ M Hartl and K Bister unequivocal proof that such direct or indirect target genes are necessary mediators of the transformation process, is a dicult task, mainly due to the fact that cell transformation by such agents apparently involves changes in the expression patterns of multiple genes. Furthermore, oncogenic transcription factors may directly or indirectly in¯uence the activity of other transcriptional regulators and thereby amplify functional alterations in the complex transcription factor network leading to a profound disturbance of cellular proliferation control (Miao and Curran, 1994; Mink et al., 1996) . The deregulation of several AP-1 responsive genes, like those encoding the metalloproteases stromelysin or type I collagenase, Fos-related antigen Fra-1, or ornithine decarboxylase, has been implicated in the c-fos-dependent malignant progression of skin tumors (Saez et al., 1995) or the fos-induced transformation of rat ®broblasts (Miao and Curran, 1994) . However, activation of these genes is not sucient for immediate cell transformation (Miao and Curran, 1994) . The putative Jun target gene JTAP-1 encoding a cathepsin-like protein related to the family of cysteine proteases is induced in avian ®broblasts transformed by v-jun, but not in cells transformed by deregulated c-jun or c-fos alleles (Hadman et al., 1996) . In contrast, BKJ transcriptional activation is found in all avian ®broblasts containing retroviral or deregulated cellular jun or fos alleles. Interestingly, the level of BKJ transcriptional activation is consistently higher in cells transformed by highly tumorigenic v-jun alleles than in cells transformed by the weakly oncogenic deregulated c-jun alleles. This indicates a quantitative correlation between transforming potential of jun alleles and their potential to transactivate BKJ. To assess the possible role of BKJ in mesenchymal cell transformation, it will be important to de®ne its biochemical function and to elucidate the molecular mechanisms of its normal transcriptional regulation by endogenous AP-1 transcription factors.
Materials and methods
Cells and retroviruses
Fertile Japanese quail (Coturnix japonica) or chicken (Gallus gallus) eggs were obtained from Hagn Ge¯uÈ gel (Andorf, Austria). Preparation and cultivation of quail or chicken embryo ®broblasts (QEF, CEF), calcium phosphate mediated DNA transfection, and detection of transformation events was performed as described (Vogt, 1969; Bister et al., 1977; . For infection with avian sarcoma virus 17 (ASV17) carrying the v-jun oncogene (Maki et al., 1987) or avian retrovirus NK24 carrying the v-fos oncogene (Nishizawa et al., 1987), 3.0610 6 cells per 100-mm dish were seeded in medium based on Ham's F-10 nutrient mixture (GIBCO ± BRL, Vienna, Austria) supplemented with 10% (vol/vol) newborn calf serum (GIBCO ± BRL), 2.4% (vol/vol) of a 7.5% (wt/vol) sodium bicarbonate solution (GIBCO ± BRL), 25 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) pH 7.3, and 1% (vol/vol) of an antibiotic/antimycotic mixture (1006) (GIBCO ± BRL). A 1-ml aliquot of virus stock (10 5 ± 10 6 focus forming units per ml) derived from the supernatant of ASV17-or NK24-transformed CEF (kindly provided by PK Vogt, The Scripps Research Institute, La Jolla, CA, USA) was added to the cells. The next day, medium was replaced by regular culture medium (Bister et al., 1977; and cells were passaged once a week. For the establishment of clonal cell cultures, CEF infected with ASV17 were monitored in a focus assay (Vogt, 1969) and single foci were expanded into transformed cell cultures. Two established lines of transformed QEF were used in this study: QT6, derived from a methylcholanthrene-induced ®brosarcoma (Moscovici et al., 1977) , and VCD, transformed by a chimeric v-jun/c-jun/junD oncogene . The retroviral constructs RCAS ± CJ3, RCAS ± VJ1, RCAS ± MC29, and RCAS ± Myc specifying c-Jun, v-Jun, Gag ± Myc or v-Myc proteins, respectively, have been described before Tikhonenko and Linial, 1992; .
DNA cloning and nucleic acid analysis
cDNA library construction, random prime DNA labeling, RNA isolation, Northern analysis, genomic DNA isolation, Southern analysis, plaque hybridization, autoradiography, subcloning of phage DNA, nucleotide sequencing of DNA fragments, and sequence interpretation were done as described Weiskirchen et al., 1997) . Hybridization probes used in this study were the 622-bp EcoRI insert fragment from quail BKJ cDNA clone VQ80 , the 430-bp PvuII/StuI fragment from subloned quail genomic BKJ clone gQBKJ7, the 1213-bp EcoRI insert fragment from a quail glyceraldehyde-3-phosphate dehydrogenase (GAPDH) cDNA clone , and the 1285-bp EcoRI/XbaI insert fragment of clone R-cFos encompassing the coding region of chicken c-fos cDNA (MoÈ lders et al., 1987) (kindly provided by M Castelazzi, INSERM, Lyon, France). For the isolation of BKJ genomic DNA clones, 1.8610 5 plaques from a lEMBL 12 library of partially MboI-digested quail genomic DNA were transferred to Hybond-C nitrocellulose membranes (Amersham, Vienna, Austria) and screened by hybridization for 16 h at 428C in a buer containing 50% (vol/vol) formamide, 56standard saline citrate (SSC) (16SSC is 150 mM NaCl, 15 mM sodium citrate), 7% (wt/ vol) sodium dodecylsulfate (SDS), 1% (wt/vol) polyethylenglycol 6000, 0.5% (wt/vol) non-fat dry milk, 20 mM sodium phosphate pH 7.0, using 32 P-labeled DNA (5.0610 7 c.p.m.) from the insert fragment of quail BKJ cDNA clone pVQ80 as a probe. Filters were ®nally washed at 658C in 0.26SSC, 0.1% (wt/vol) SDS, 1 mM EDTA. The construction of lgt10 cDNA libraries using poly(A) + RNA derived from VCD cells or from a culture of three pooled foci of ASV17-transformed CEF (F13, F17, F23) , and the isolation of BKJ cDNA clones from these libraries were carried out as described .
Transcriptional mapping
Primer extension analysis was carried out as described previously (Weiskirchen et al., 1997) . 100-ng aliquots (10 pmol) of oligodeoxynucleotide E1P (5'-AGCCTGTCC-CAGAGCAAAAGTGGTGCCGGC-3') or E2/3P (5'-GT-CTGGCGGAGGACGGAGGTGACTCGGCTT-3') were dissolved in 12 ml H 2 O and heated at 708C for 5 min. For 5'-end-labeling, 2 ml of a buer containing 50 mM Tris-HCl pH 7.4, 10 mM MgCl 2 , 5 mM dithiothreitol, 0.1 mM spermidine, and 0.1 mM ETDA, 5 ml [g-32 P]ATP (3000 Ci/ mmol; Amersham), and 1 ml T4 polynucleotide kinase (10 U) were added, and the reaction mixture was incubated for 45 min at 378C. The sample was ®lled up to 50 ml with H 2 O, adjusted to 0.5 M LiCl, and the labeled oligodeoxynucleotide was precipitated with three volumes of ethanol. Aliquots (5 or 15 mg) of doubly selected poly(A) + RNA from VCD cells and 1 ng (2.0610 5 c.p.m) of 32 P-labeled oligodeoxynucleotide were heated in 10 ml of a buer containing 40 mM piperazine-N,N'-bis(2-ethanesulfonic acid) pH 6.4, 1 mM EDTA, 400 mM NaCl and 80%(vol/vol) formamide at 708C for 5 min, followed by incubation at 308C for 16 h. The primer-RNA duplex was precipitated by the addition of 90 ml H 2 O and three volumes of ethanol, and cDNA was synthesized in a reaction volume of 20 ml using Moloney MLV reverse transcriptase according to the supplier's instructions (GIBCO ± BRL). A 2.3-ml aliquot of the reaction mixture was added to 1.7 ml of DNA sample buer, heated at 958C for 2 min, and analysed on a sequencing gel.
Transcriptional transactivation assay
For construction of chloramphenicol acetyltransferase (CAT) reporter plasmids, the polylinker region of the pCAT-Basic vector (Promega, Mannheim, Germany) was digested with HindIII, and recessed 3'-termini were ®lled in with Klenow fragment of DNA polymerase I, followed by a PstI digestion. In this linearized vector, a BamHI (®lled in)/SacI fragment (nt 1 ± 1338; cf. Figure 6B ) and a SacI/ PstI fragment (nt 1339 ± 1792) derived from quail genomic BKJ clone gQBKJ7 were inserted, resulting in pCAT-BKJ(WT). For construction of promoter deletion mutants, the former fragment was replaced by a HincII/SacI fragment (nt 692 ± 1338), by a AvaI (®lled in)/SacI fragment (nt 894 ± 1338), or by a PvuII/SacI fragment (nt 1110 ± 1338), resulting in pCAT-BKJ(DP), pCAT-BKJ(P), and pCAT ± BKJ(0), respectively. For construction of pCAT-BKJ(D), a 132-bp AvaI ± SphI fragment (nt 894 ± 1026) in pCAT ± BKJ(WT) was deleted. Recessed 3'-termini, generated by the AvaI digest, were ®lled in with Klenow polymerase, whereas recessed 5'-termini caused by SphI were removed by the exonucleolytic activity of T4 DNA polymerase. Rc/RSV ± CJ3 (Morgan et al., 1993) , Rc/ RSV ± DDDD (Hartl and Vogt, 1992) and Rc/RSV ± VJ0 encode the chicken c-Jun, chicken JunD, or a Gag ± Jun hybrid protein, respectively, and are derivatives of the Rc/RSV eukaryotic expression vector (Invitrogen, Vienna, Austria). Rc/RSV ± Myc speci®es a 416-amino acid v-Myc protein and was constructed by insertion of a 1366-bp EcoRV/SspI fragment of MC29 proviral DNA into the polylinker region of Rc/RSV. Rc/RSV ± cFos speci®es a 367-amino acid chicken c-Fos protein (MoÈ lders et al., 1987) and was constructed by insertion of the 1285-bp EcoRI (®lled in)/XbaI insert fragment of clone R-cFos into HindIII (®lled in)/XbaI opened Rc/RSV. For DNA transfection by the calcium phosphate method (Hartl and Vogt, 1992; , cells were seeded at a density of 1.3610 6 cells per 60-mm dish and cultivated for 24 h. QEF transformed by stably integrated proviruses were transfected with 5 mg of CAT-reporter plasmid DNA per dish, whereas normal QEF were cotransfected with 0.5 mg of CAT-reporter plasmid DNA and 2.0 mg of Rc/ RSV derived expression vector DNA. After cultivation for 48 h, cell extracts were prepared for CAT analysis as described (Gorman et al., 1982) . Washed cells were transferred into 1.5 ml of a solution containing 40 mM Tris-HCl pH 7.5, 1 mM EDTA, 150 mM NaCl, and pelleted. Cell pellets were resuspended in 100 ml of 0.25 M Tris-HCl pH 7.8 and disrupted by three cycles of freezing and thawing. To monitor CAT-activity, an aliquot of each cell lysate containing 75 mg of total protein was incubated for 1 h at 378C in a solution containing 0.25 M Tris-HCl pH 7.8, 0.533 M acetyl-CoA, 0.4 mCi D-threo-[dichloroacetyl-1,2-14 C] chloramphenicol (50 ± 60 mCi/mmol; NEN, Vienna, Austria). The reaction mixture was extracted with 0.8 ml ethylacetate, the organic phase was concentrated to 25 ml by lyophilization, and the sample was applied onto a 0.25 mm silica gel thin-layer chromatography plate (Polygram SIL G/UV 254 , Macherey-Nagel, DuÈ ren, Germany). Ascending chromatography was performed in chloroform : methanol (95 : 5; vol/vol). expression plasmid (Studier et al., 1990) encoding recombinant BKJ, a segment of the BKJ coding region from plasmid pVQ80 corresponding to amino acids 2 ± 109 was ampli®ed in a polymerase chain reaction using oligodeoxynucleotides 5'-TCGTGCTACAGCCCGTGC-3' and 5'-TTAGCAGAA-GACATTGCC-3' as primers. The reaction product was ®rst treated with T4 polymerase to remove possible 3'-A overhangs generated by the Taq enzyme, then phosphorylated and ligated into pET3d (Studier et al., 1990) , which had been linearized with NcoI followed by Klenow polymerase ®ll in reaction and dephosphorylation. The pET ± BKJ construct, encoding a 109-amino acid BKJ protein with the start codon supplied by the partially reconstituted NcoI recognition motif, was veri®ed by DNA sequencing of the BKJ insert with pET-speci®c primers. The plasmid construct was transformed into Escherichia coli strain BL21(DE3) containing the pLysS plasmid (Studier et al., 1990) . BKJ recombinant protein production and partial puri®cation from inclusion bodies were done as described . For ®nal puri®cation, inclusion bodies derived from 1.2 liter of bacterial culture were separated by gel ®ltration using a Superdex 200 (16/60) column and a fast performance liquid chromatography (FPLC) system (Pharmacia Biotech, Vienna, Austria). Chromatography was performed in a buer containing 6 M guanidine hydrochloride, 50 mM Tris-HCl pH 7.4, 1 mM EDTA, 0.5 mM dithiothreitol. Pooled protein containing fractions were analysed by photometry and SDS-gelelectrophoresis, and the identity of puri®ed BKJ protein was con®rmed by amino-terminal sequencing (TopLab, Martinsried, Germany). The ®nal yield was 3.6 mg/liter bacterial culture concentrated to 0.5 mg/ml. For antigen preparation, 0.5 ml of the protein solution were dialyzed against a buer containing 10 mM sodium phosphate pH 7.2, 150 mM NaCl, 1 mM dithiothreitol and then heated at 958C for 15 min leading to precipitation of the protein. The suspension was mixed with 0.5 ml complete Freund's adjuvant and injected intradermally into an 8 week-old female rabbit (Chinchilla bastard). The immunization procedure was repeated four times in three week intervals using incomplete Freund's adjuvant. Serum from blood was obtained after overnight storage at 48C and subsequent centrifugation at 1200 g for 10 min.
Additional polyclonal antisera used in this study were directed against recombinant v-Myc protein p14 containing the 103 carboxyl-terminal amino acids of v-Myc encoded by a derivative of expression plasmid pEwtAB , against recombinant chicken c-Jun protein (kindly provided by PK Vogt), and against puri®ed detergentdisrupted MC29(MC-associated virus) complex for detection of Gag-related proteins (Bister et al., 1987) .
Protein analysis
Immunoprecipitation analysis was done essentially as described (Bister et al., 1987; Patschinsky et al., 1986) with the following modi®cations. Subcon¯uent cells grown on 60-mm dishes in cysteine-or methionine-free medium were labeled for 3 h with 100 mCi L-[
35 S]cysteine (1000 Ci/ mmol; ICN, Eschwege, Germany) or 100 mCi L-[ 35 S]methionine (1000 Ci/mmol; Amersham) per dish, respectively. Cells were lysed in 0.5 ml of lysis buer (Patschinsky et al., 1986) per 10 7 cells. Immune complexes were collected by incubation at 48C for 1 h with 100 ml of a 10% (vol/vol) protein A Sepharose CL-4B (Pharmacia Biotech) bead-slurry in RIPA buer (Patschinsky et al., 1986) . Pelleted immune complexes were resuspended in 650 ml of RIPA, overlayed onto 650 ml of a 10% (wt/vol) sucrose solution in RIPA buer and centrifuged at 13 000 g for 15 min at 48C. Pellets were washed repeatedly with RIPA buer, then with a buer containing 10 mM sodium phosphate pH 7.2, 150 mM NaCl (Bister et al., 1987) . For¯uorography, SDS-polyacrylamide gels were treated for 30 min in Enlightning (NEN). In vitro transcriptions and translations were performed in one reaction (50 ml) using the TNT rabbit reticulocyte lysate system (Promega) according to the instructions of the supplier. To construct the DNA template pBS ± BKJ, the 622-bp EcoRI insert of quail BKJ cDNA clone VQ80 was inserted into pBluescript II SK(+) (Stratagene, Vienna, Austria). The reactions were performed at 308C for 2 h with 1 mg supercoiled plasmid DNA, T3 RNA polymerase for sense BKJ RNA transcription, and 40 mCi L-[
35 S]cysteine (1000 Ci/mmol; ICN). Then, 350 ml of RIPA buer were added and the mixture subjected to immunoprecipitation as decribed above. Immunoblot analysis was carried out as described previously .
Nomenclature
The nomenclature used previously has been changed from bkj to BKJ (gene) and from Bkj to BKJ (protein) according to the suggestions of the European Network on Poultry Genome Mapping (Crittenden et al., 1995) .
